Due to the limitation of data sources, the application of Distributed Hydrological Models (DHMs) using earth observation data to research water resources is necessary. In this study, the BTOPMC (Block-wise use of TOPMODEL) model was applied for 2 basins in the tropical monsoon region. This is the first time that the land cover map of the CCI (Climate Change Initiative Land Cover Team) was prepared for input data instead of IGBP (International Geosphere-Biosphere Programme) land cover map as proposed in the demo version of the BTOPMC model. The calibration and validation results showed that the Nash-Sutcliffe coefficients for daily stream discharge were 77.5% and 68.7% at Cung Son station (Ba basin). The Nash-Sutcliffe coefficients for daily stream discharge were 79.4% and 69.0% at Binh Tuong station (Kone basin), respectively. Because of a stop in measuring the discharge at Binh Tuong station in 2007, this model was applied to simulate discharge during the period of 2008-2015. Furthermore, the effect of land cover on discharge at Cung Son station was considered. The annual discharge in 2010 at Cung Son decreased 8 m 3 /s in the comparison between two scenarios (land cover of 2000 and 2010). According to this result, it is possible to propose a wide application range of the DHMs model to the tropical monsoon river basins using earth observation data.
Introduction
In Vietnam, there are 2360 rivers with the length of over 10 km, comprising eight large basins with the total area of more than 10,000 km 2 . Besides these eight basins, there are also 18 internal basins that have areas from 1000 to 10,000 km 2 which are referred to as small basins. Most of these basins locate in the Central part of Vietnam where the distribution of water resources is very severe with flash floods, inundations in the rainy season and droughts in the dry season. In recent years, Vietnam has been facing an increasing frequency of natural disasters, particularly typhoons and droughts. Therefore, integrated water resources management is an urgent task for monsoon tropical countries like Vietnam. Due to limited data sources (only 70 discharge gauging stations in total), especially for small-ungauged basins, the application of hydrological models using earth observation data for the water balance calculation is of necessity.
Being the prime focus of hydrological research over the past decades, the simulation of rainfall-runoff relationship has resulted in an abundance of models that have been proposed. According to the process description, these models can be classified into three categories: metric, conceptual and physics-based models while based on the classification of spatial representation, they are either lumped or distributed. There exists no universal hydrological model that is applicable to all conditions of all basins and for various modeling purposes. However, the most promising developments in this respect are Distributed Hydrological Models (DHMs), especially ones that identify physically based on parameters. Distributed models in hydrology are physics-based models which are defined in terms of theoretically acceptable continuum equations. Distributed hydrological models can fulfill the necessity of describing basin heterogeneity, and assess the impact of natural as well as human induced changes. Furthermore, they enable researchers to take advantage of currently available satellite observations, which are rapidly improving in quality. Moreover, previous research that has utilized the application of DHMs to large basins, such as the Yellow River, Jinjiang and Mekong River basins obtained satisfactory results (Fu & Chen, 2005; Zhou, Ishidaira, Hapuarachchi, Magome, Kiem, & Takeuchi, 2006; Ishidaira, Ishikawa, Funada, & Takeuchi, 2008; Sun, Wang, Li, Yao, & Yu, 2014) . Small basins in tropical monsoon region with limited observed data have not been considered. Moreover, the abundant source of earth observation data will be an effective source of input data for hydrological models.
In this study, the BTOPMC model was applied for 2 difference basin scales in the tropical monsoon region using earth observation data. Especially, the land cover map of the Climate Change Initiative Land Cover Team (CCI program, 2017) was prepared for data input instead of the land cover map of IGBP as proposed by the demo version of BTOPMC model.
Study Area and Data
The Kone and the Ba river basins are typical tropical monsoon basins ( Figure 1) . 
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Methodology
The BTOPMC model is a physically based distributed hydrological model was developed by Takeuchi's Laboratory at the University of Yamanashi (Takeuchi, Tianqi, & Ishidaira, 1999) . This model divides the whole basin into many grid In the BTOPMC model, runoff generation is based upon the concepts of TOPMODEL which assumes that groundwater flow is driven by the surface topographic gradient, and flow routing is carried out using the Muskingum-Cunge method (Takeuchi, Tianqi, & Ishidaira, 1999; Takeuchi, Hapuarachchi, Zhou, Ishidaira, & Magome, 2008) .
Five model parameters (Saturated transmissivity-T 0 , Decay factor of transmissivity-m, Soil drying function parameter-α, Manning's Roughness coefficient-n and Maximum root zone storage-Srmax) are calibrated by trial and error method. The result evaluation is based on the Nash-Sutcliffe coefficient (Nash & Sutcliffe, 1970) .
where:
Q s is simulated discharge; Université catholique de Louvain (CCI program, 2017) . The maps propose a legend that was based on the FAO/UNEP Land Cover Classification System in order to be compatible with previous products. This legend was converted to 17 types of land cover classes which are similar to IGBP's classification.
Soil type
The Food and Agriculture Organization (FAO)'s soil map is used in this study (Fao, 2006) . There are altogether 7 soil textural classes in the Kone river basin and 8 soil textural classes in the Ba river basin, representing the content percentage of sand, silt and clay. However, when transferred into USDA soil classification, only four types remain: sandy loam, loam, sandy clay loam and clay. The FAO's classification is used for distributing to over the basin. The values of T o for sand, silt and clay are obtained by model calibration. The transferred USDA classes are used to assess the maximum soil moisture storage capacity of the root zone, S rmax .
NDVI data Based on the data of meteorological observation satellite NOAA of the United States, Normalized Difference Vegetation Index (NDVI) of resolution 1km, from April, 1997 to December, 2007 is produced by the Geospatial Information Authority of Japan. Moreover, NDVI of the space resolution 250 m is also made by this organization and has been being offered in the dataset since April, 2004 that the MODIS sensor of Advanced Earth Observing Satellite Terra of the United States observed since March, 2007. NDVI maps are collected from this source to prepare input data for the BTOPMC model (Geospatial Information Authority of Japan, 2012). The basin part of NDVI is clipped using the basin boundary and transferred into the Lambert Azimuthal Equal Area projection in Arc/Info software.
Meteorological data Required meteorological data include precipitation, temperature, humidity, radiation and wind speed. The CRU (Climate Research Unit, University of East Anglia, 2002) TS 2.0 provides time series data of monthly mean temperature, diurnal temperature range, cloud cover and actual vapor pressure from 1901 to 2000 and mean monthly wind speed averaged in for the globe at 0.5 × 0.5 grids. The wind speed is measured at a majority of 10 m height. In construction of CRU TS 2.0, climatic variables are separated into two categories: primary and secondary variables. Regarding the data that is used in this study, primary variables are constructed directly from station observations, including mean temperature and diurnal temperature range. Secondary variables are constructed by merging the station observations including cloud cover and vapor pressure. For the synthetic data, the cloud cover is related to the diurnal temperature range using an empirical equation and the actual vapor pressure to the daily minimum temperature using a conceptual equation. The CRU data sets are extracted at the Kone and Ba river basins and transferred into the Lambert Azimuthal Equal Area projection at 8 km resolution without interpolation involvement. 
Results and Discussion
Calibration and Validation
River discharge data relative to the period of 1998 for Kone river and 2000 for Ba river was used to calibrate the model and other years for validating the model. In order to assess the performance of the model, the Nash-Sutcliffe efficiency coefficient (Nash & Sutcliffe, 1970) was calculated. Nash-Sutcliffe coefficient reached 79.4% and 77.5% for Kone and Ba river basin, respectively, which implied that the model has a good performance in these areas. The calibration results are illustrated in Figure 4 for Kone river basin and in Figure 5 for Ba river basin. The overall model performance in the validation period as well as is rather good. Except for the peak values, which are slightly underestimated, the variation of the simulated discharge coincides with the observed discharge well from visual inspection. to the observations. The evolution of the simulated discharge is consistent with the observed discharge. This is also true for the other year of the period in two basins. However, there are some discrepancies in the timing of the flood events, which lead to differences between the observed and simulated discharge. Overall, the simulation is not as expected as compared to the calibration Nash-Sutcliffe coefficients only reached 69% at Binh Tuong station and 68.7% at Cung Son station (Table 1 ). This confirms that the model simulates the evolution of the discharge reasonably well, whereas the underestimated peak values which is reflected from relatively low Nash-Sutcliffe coefficients value. The calibration and validation results show that the BTOPMC model can reproduce the discharge, except for extreme discharge. Two parameter sets of the BTOPMC model at two stations in the Ba and Kone river basins are shown in Table 2 . 
Application of the Distributed Hydrological Model to Simulate Discharge in the Tropical Monsoon Basin
The measurement of discharge data at Binh Tuong station in the Kone river ba- 
Effect of Land Cover Change on Discharge in Tropical Monsoon Basin
Research on the effect of the land cover change on discharge has been done in many basins as well as by many models (Khoi & Thom, 2015; Quyen, Lie, & Loi, 2015; Tan, Ibrahim, Yusop, Duan, & Ling, 2015; Deng, Zhang, Li, & Pan, 2015; Wang, Wang, Ning, & Hiroshi, 2018) . This study used land cover maps that are available during 1992 (CCI program, 2017 
Conclusion
Integrated water resources management is an urgent task not only for Vietnam but also for other tropical monsoon countries. With limited data sources, especially for small-ungauged basins, the application of computational models using earth observation data for the water balance is necessary. This is the first-time that land cover map of the Université catholique de Louvain (CCI program, The results of this research show that the BTOPMC (Distributed Hydrological Model) model using earth observation data can be applied to other basins in tropical monsoon region to simulate discharge especially for ungauged small basins. The effect of land cover on discharge was also considered in this research.
Combination of the prediction model of land cover under climate change scenarios and the BTOPMC model is a task that will be implemented in the future to consider the effects of climate change on the water resources for tropical monsoon basins.
